Abstract The sol-gel method is used to prepared hexaferrite using D-Fructose as a fuel. The effect of sintering temperature on the microstructure of SrFe 12 O 19 ceramics is analyzed. The observed XRD results indicate a wellformed crystalline phase of dense hexagonal SrFe 12 O 19 ceramics. From this analysis, no secondary phases are identified. The microstructure of the sintered single phase M-type ferrites ceramics displays a hexagonal-platelet like morphology. Sintering temperature can markedly affect the grains in sintered ferrite. The sintered product is shown to be dense microstructure with relatively small grains. The maximum sintered density 95 % was obtained at lower temperature of 1,150°C. In addition, saturation magnetization (50.43 emu/g) and the coercivity (H c ) 5,594.53 Gauss were observed.
Introduction
Recently, Ba and Sr M-type inorganic hexaferrites have attracted much attention because of their special properties [1, 2] . Among the inorganic magnetic particles, SrFe 12 O 19 -SrF had received great attention because of their high coercivity, which originates from high magneto crystalline anisotropy with single easy magnetization axis. It has been recognized that it can be used as permanent magnets, recording media, telecommunication, components in microwave devices [3] and has the following advantages: the raw material for strontium ferrite is abundant; the manufacturing cost is low; its properties are stable; and the problem of oxidation of the product is avoided. The properties of this magnetic material are related to purity, size, and morphology of the powder, by modifying its microstructure and by controlling its chemical composition, size, morphology and heat treatment. Kloubek et al. [4] reported modified properties of SrF. In particular, strontium hexaferrites are used for their hard magnetic properties. The importance of these materials can be explained by their low price and their reasonable magnetic performances, so the wide range of applications like electric motors, loudspeaker and toys.
To produce magnets with large remanence and coercivity, it is essential to go for ceramic process which in turn controls the complex interplay between a dense microstructure and grain growth. Ferrite powder particles should have dimensions below 1 lm to allow some unavoidable grain growth during sintering and to limit the grain size in the sintered magnets to a few microns. Sub-micron powders may be improved by calcination procedures which allow the preparation of high-performance magnets with large remanence [5] . However, this design fundamentally does not account for the interaction between the processing parameters. In view of cost and time saving [6] the size of the particles can be controlled during preparation, depending on the production method, or after preparation, by mechanical [7] thermal treatments [8] . However, homogeneous strontium hexaferrite with fine grains, narrow particle size distribution and good magnetic properties is required for specific applications but these are not reachable by the conventional method [9, 10] . The sol-gel method is an easy and low cost synthesis which has recently attracted much attention for production of hexaferrites. Once such challenges were met, many researchers began to report some unexpected benefits of microwave sintering. Many reported enhanced densification, with high densities being achieved at temperatures significantly lower than those required in conventional sintering [11] . The advantages of microwave sintering are that the selective heating is possible, uniform heating can be achieved, the temperature can be raised or lowered rapidly lower process temperature and shorter sintering time than the conventional sintering method [12, 13] . It is noted that the available literature on the effect of temperature on the microstructure development of strontium ferrite sintered magnets is limited [14, 15] . In this respect, the objective of the present work was to study the influence of the microwave sintering on microstructure development of strontium hexaferrite ceramic samples.
Experimental procedures
The detailed process could be described as follows. Fe(NO 3 ) 3 Á9H 2 O and Sr(NO 3 ) 2 and D-Fructose were dissolved in distilled water. Then the entire mixture was stirred at 80°C. Metal nitrates/D-Fructose equal to 1:1. This solution was stirred continuously at 80°C until the gel was formed. This gel was dried at 130°C for two days to get precursor. The precursor was calcined. Finally, the obtained powders were pressed into pellets using uniaxial hydraulic press using PVA as a binder along 4 ton pressure and those are sintered in microwave furnace. Microwave sintering was completed by using a VBCC 2-magnetron microwave heating furnace in which the compacted samples were heated at four different temperatures 1,000, 1,050, 1,100 and 1,150°C at a rate of 50°C/min and soaked for 10 min followed by fast cooling to room temperature at a rate of 20°C/min. The sintering temperature was measured with a pyrometer and it was standardized with reference to a thermocouple and the emissivity was measured to be between 0.90 and 0.98 for the different samples of strontium hexaferrite. The microwave output power level was about 2.2 KW with 2.45 GHz frequency and it was controlled by a Eurotherm PID controller.
The crystalline phases were identified by means of X-ray diffraction (XRD) measurements (PANalytical X'pert pro) CuKa radiation at 45 kV and 40 mA (k = 0.15406 nm) in a wide range of 2h (20°\2h\80°). The surface morphology of the sintered ceramics were studied by using FEI Quanta FEG 200-High resolution scanning electron microscope (HR-SEM) and Magnetization measurements at room temperature were carried out on Lakeshore Vibrating Sample Magnetometer (VSM) at a maximum applied field of 15,000 Gauss.
Results and discussion
The crystal structure of strontium hexaferrite is hexagonal magnetoplumbite type and there is no phase transformation. The effect of sintering temperature on the phase structure of SrFe 12 O 19 has been investigated by the XRD analysis. The experimental diffraction peaks are closely matched with the standard pattern for M-type strontium hexaferrites (JCPDS card no. # 84-1531). The corresponding peaks diffraction planes are (006), (1 1 0), (008), (107), (1 1 4), (108), (203), (116), (205), (206), (110), (207), (10 11), (213), (209), (209), (301), (20 11), (20 12), (10 15), (20 14) , and (2 2 0). It can be concluded that the samples crystallize in SrFe 12 O 19 phase without trace of any impurity peaks. The sharpening and increase intensity of peaks with the increase in sintering temperature can be correlated to the increase in the grain size. The peak intensity of XRD (Fig. 1) shows that the (107) plane increased continuously for the samples increasing temperatures. It conforms that the dense product was obtained at 1,150°C.
For further support, Fig. 2a-d shows the HR-SEM images for the sintered samples at 1,000, 1,050, 1,100 and 1,150°C. At 1,000°C no clear structure can be seen, increase the temperature to 1,050°C, in this stage, which provides pores is present it is evidence for the temperature was insufficient to get dense product. The surface morphology of this sintered Fig. 1 XRD patterns of the samples microwave sintered at a 1,000,  b 1,050, c 1,100 and d 1,150°C for 10 min sample demonstrates three-dimensional grains with platelike shape. These plate-shaped hexagonal grains possess random orientations. Likewise, in the sintered sample at 1,100°C, a remarkable feature in the grain morphology is its large hexagonally plate-like shape [16] . In addition, with the increase of the microwave sintering temperature (1,150°C), there is considerable growth in grain size and improvement of the densification of the SrFe 12 O 19 ceramic, which is favorable to the magnetic properties of the hexagonal ceramic. This type of finding was also observed by previous reports [17, 18] . From the result, we clearly observe an increase in grain size with the increase in the sintering temperature 1,100-1,150°C.
The coercivity of hexagonal shaped SrFe 12 O 19 was the largest at about 5,594.53 Gauss for final dense product sintered at 1,150°C (Fig. 3) . The coercivity of SrF depends on the grains shape, size and its structure. The saturation magnetization of the final sintered sample was 50.43 emu/g. This value was less than the theoretical saturation magnetization (Ms) of Sr-hexaferrite (67.7 emu/g) [19] . It was mainly due to the grain size of the samples [20] . It exhibited a value of such high saturation magnetization could be attributed to the high-phase purity and well-defined crystallinity. This is consistent with findings of the XRD and HR-SEM. Moreover, the shape of the curve of the hysteresis loop was smooth confirming that the strontium hexaferrite was a hard magnet [21] . 
Conclusions
SrFe 12 O 19 ceramics were synthesized successfully by the sol-gel method. The effects of microwave sintering on the samples were discussed. The XRD result showed that the derived samples (1,000-1,150°C) were kept in single magneto plumbite phase. FE-SEM results showed that the grains were regular hexagonal. The varies sintering temperature and the surface morphology were discussed. The resultant products contain a single phase, hexagonal shape grains, and have high coercivity. After sintering at 1,150°C, the sintered ceramics was dense (95 %) with optimum magnetic properties with saturation magnetization value of 50.43 emu/g, and the coercivity value of 5,594.53 Gauss. Further, when we used the sol-gel synthesis followed by microwave sintering, dense SrFe 12 O 19 was produced.
